The catalytic cracking of aliphatic mercaptans and sulfides on the silica-alumina catalyst were investigated by the use of a pulse reactor.
k=-(F/W)ln(1-x) (5) In this equation, k, F and W are the apparent rate constant (ml/g.min), flow rate of a carrier gas (ml/min at S. T. P.) and the weight of catalyst(g), respectively. The conversion x was measured at various weights of catalysts to test the first order kinetics. Then, -ln (1-x) was plotted against W/F at various reaction temperatures. As being expected from Eq. (5), the linear relationship through the origin were observed between W/F and -ln (1-x) for the cracking reaction of both of various aliphatic mercaptans and sulfides.
The typical examples, in the case of ethylmerin Fig. 1 .
Arrhenius Plots
The apparent rate constants, k, in the cracking of various aliphatic mercaptans and sulfides were listed in Table 2 . From the Arrhenius plots of log k vs. 1/T shown in Fig. 2 , the apparent rate constants, k, can be expressed by the following equations. The similar value of the activation energy was obtained in the cracking of aliphatic mercaptans.
The explanation of such phenomena, however, is difficult because of the complexity of this system at present.
The Order of Cracking Reactivity
The cracking reactivities of various aliphatic parent rate constants and the results are listed in Table 3 . In this paper, the cracking reactivity will be expressed by the logarithms of apparent rate constant.
As was evidenced from NH4Y-zeolite catalist for the cracking of ethylmecaptan decreased with the increase of the calcination temperature of the catalyst. This change of the activity of NH4Y-zeolite catalyst was in good accord with the changes of the amounts of the Bronsted acid sites, but was not in accord with that of the Lewis acid sites of the catlyst14).
Judging from these results, it was concluded that the effective active site of the silica-alumina catalyst in the cracking of aliphatic mercaptans and sulfides was the Bronsted acid site.
Thus, the cracking mechanism on the silicaalumina catalyst will be expressed as follows:
I. Cracking mechanism of aliphatic mercaptan II. Cracking mechanism of aliphatic sulfide The cracking mechanisms described above was very similar to that of dehydration reaction of alcohol and ether which is catalyzed with a proton on the solid acid catalysts15). Such similarity can be easily expected from the similarity in the molecular structures of these compounds.
In the cracking mechanism of aliphatic sulfide, a part of the aliphatic mercaptan being formed in step 3' will be cracked according to subsequent reaction step which is the same as that of the ali- Step 3'
Step 4'
Step 1
Step 2
Step 3
Step 4
Step 1'
Step 2' zenes11), was applied to our systems in order to make sure the validity of the cracking mechanism described above. where k is the rate constant of the overall reaction, ko is that of the rate-determining step, K1 is the average acid dissociation constant of the silicaalumina, Ka is the equilibrium constant of adsorption of Step 2 and as is the amount of total acid on the silica-alumina. When only enthalpy factor is considered, Eq. (16) will be converted into Eq. (17).
where Eo is the activation energy of Step 3,  As the reaction of Step 3 resembles reaction (6), sumed to be linear to the enthalpy change of reaction (6) .
If the Horiuti-Polanyi rule assume to hold be-
On the other hand, the heat of adsorption of of mercaptan molecule. It is also expected that the aliphatic mercaptan will adsorb on the Bronsted acid site of silica-alumina by the sulfur atom which has the largest electron density in the mercaptan molecule. The electron density, i. e., basicity, of the sulfur atom in the mercaptan molecule could be correlated with the electron donating ability of alkyl group adjacent to the sulfur atom. When the Taft's substitution con-
Furthermore, the linear relationship is observed
It is, thus, theoretically proved that the crackshown in Fig. 3 and Fig. 4 . And it is also well explained that the catalytic cracking of aliphatic mercaptans and sulfides on the silica-alumina catalyst takes place with the carbonium ion mechanism which is concerned with the proton of silica-alumina.
Conclusion
The order of cracking reactivities of aliphatic mercaptans and sulfides on the silica-alumina catalyst was consistent with the order of the stability of alkyl carbonium ions. A linear relationship was observed between the logarithms of apparent rate constants of the cracking and the enthalpy change in the reaction of hydride abstraction from the corresponding paraffins. Based on these results, it was concluded that the catalytic cracking of aliphatic mercaptans and sulfides on the silica-alumina catalyst takes
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